Glutamate release from the terminal therefore initirotoxin (PTX; 100 M), which blocks both ionotropic ated two distinct types of feedback: (1) a transient pro2Ai). Note that the red trace (second pulse to 0 mV) had significantly more feedback than the black trace (first ton-mediated inhibition of I Ca with a fast onset and (2) pulse to 0 mV), in spite of the small rundown in ⌬C m . a longer-lasting inhibition, mediated by GABA. The proThis suggests that GABA release has been potentiated. ton-mediated feedback rose immediately from the peak We called this enhancement of the feedback poststimof I Ca , so its delay to onset could not be measured, ulus enhancement (PSE). We quantified the increase and it peaked consistently within 1.3 ± 0.2 ms (n = 13; between the consecutive depolarization-evoked feedmeasured from the I Ca peak). The earliest peak for the back responses by simply measuring the decrease in GABA-mediated feedback (marked with * on Figure the second depolarization-evoked I Ca net charge transfer 1Aii) had a short delay (2.8 ± 0.6 ms, n = 13; measured (integral of the evoked membrane current): 100 − from the I Ca peak) in the same cells, whereas its onset [(Q Net(2nd) /Q Net(1st) ) × 100]. We called this method of was hidden by the overlapping proton effect on I Ca .
quantifying PSE the "⌬Q Net method". If the I Ca peak amplitude rundown was R5% by the second depolarizaBuffering Vesicular Protons Coreleased tion, terminals were excluded from evaluation to avoid with Glutamate artificial overestimation of the current charge Q Net inIn order to isolate the GABAergic feedback, we sought crease, even if they showed apparent PSE. ways to eliminate the pH-mediated effect on I Ca .
With pairs of 200 ms depolarizing pulses (from −60 Though external HEPES (48 mM, Figures 1Ai and 1Aii) to 0 mV) PSE for the reciprocal feedback evoked by the effectively blocked the pH-mediated feedback on I Ca , second depolarizing step was recorded in 25 terminals. we found that this high concentration of HEPES also The feedback increase (or enhancement) evaluated by greatly reduced the transmitter-mediated feedback and the "⌬Q Net method" averaged 15.4% ± 6.0% (range longevity of recordings, presumably due to the disrupfrom 9% to 32%; n = 25, plotted on Figure and/or C m (>25%) occurred, and this could explain the minals had 5.3 ± 1.5 pF resting C m and a ⌬C m = 210 ± lack of PSE. 64 pF. Thus, the "exocytotic index" was 3.9 ± 0.6. All of Bipolar cell terminals that showed PSE sometimes these values are almost identical to control measurestill had a rundown of the depolarization-evoked exoments obtained in the absence of methylamine, sugcytosis: the second depolarizing step was on average gesting that methylamine did not affect either the I Ca only 91% ± 11% (n = 25) of the first C m jump. Conseor exocytosis. Furthermore, after <1 min of intracellular quently, our ⌬Q Net method probably systematically unperfusion with methylamine, the pH effect on I Ca was derestimated the degree of PSE. Therefore, we also largely eliminated, but the depolarization of the bipolar quantified the amount of PSE with two other methods cell terminal still evoked vigorous reciprocal GABAergic that utilized a double-pulse inhibition of exocytosis at feedback (Figure 1Bi ⌬Q Cl /⌬C m = 55.5% ± 9.18%, n = 5) on the same cells tude rundown was R5% or (2) the double-pulse inhibition of exocytosis was not perfect (i.e., there was some revealed similar PSE magnitudes (Figure 2Biii ). This analysis shows that the ⌬Q Net method tends to slightly feedback evoked by the second step of the pair); or (3) the rundown of the ⌬C m was more than 10%. underestimate the average amount of PSE when compared to either the ⌬Q Cl or ⌬Q Cl /⌬C m method. Nevertheless, the difference was not statistically significant tween two 100 ms long test pulses to −20 mV (Figure by synaptically released glutamate and that they are involved in a poststimulus enhancement of GABA re7Ai). Under these conditions, the second test pulse evoked larger feedback in six out of nine terminals. The lease from amacrine cells. Our data suggest that the gain of a bipolar cell/amacrine cell reciprocal synapse increase in the feedback in these six cells ranged between 3.8% and 22.3%, averaged 8.8% ± 6.5% (p < is adjusted through an mGluR1-dependent synaptic mechanism. 0.04 for two-tailed paired Student's t test), and lasted for up to 10 min (Figure 7Aii) . Note also that this PSE occurred in spite of the typical rundown in ⌬C m jumps
The Timing of Inhibition at Bipolar Cell Terminals during whole-cell recordings. We thus conclude that The fastest inhibitory event at the Mb bipolar cell ter-PSE can be induced by depolarizations to less positive minal was the proton-mediated inhibition of the Ca 2+ (i.e., more physiological) membrane potentials, which current, with a consistent sharp peak at z1.3 ms reduce the presynaptic I Ca amplitude, but under these (Palmer et al., 2003a), followed by a GABA A currentconditions it requires longer stimuli. evoked peak at z2.8 ms (for 0 mV pulses; this delay was similar for −20 mV pulses, Figure 7Aii ). The third, slowest peak of inhibition occurred at approximately 76 Discussion ms, was GABA C receptor dependent, and had a large jitter or variability in its peak. The GABAergic compoOur in situ presynaptic Ca 2+ current and ⌬C m measurements revealed the extent of glutamate release from nents could be isolated only after eliminating the effect of the synaptic cleft acidification on the Ca 2+ current bipolar cell terminals and the timing and kinetics of the resulting reciprocal feedback from amacrine cells.
by intracellular methylamine perfusion. Although it has been suggested that methylamine does not decrease Pharmacological manipulations dissected the magnitude and timing of GABA A and GABA C IPSCs. We report glutamate release from synaptosomes (Cousin and Nicholls, 1997), our experiments demonstrate this by here a form of slowly activating synaptic plasticity in a reciprocal synapse of the retina that is mediated by electrophysiological methods in a slice preparation. This question of whether ⌬pH and/or ⌬Ψ (the vesicular mGluR1. We show that mGlu1 receptors are activated ures 5Aii and 5Cii) and leak current increase ( Figure  Here , we conclude that (1) glycine receptors do not play 5Bii). GABA C receptors are particularly appropriate for a role in the reciprocal feedback at the Mb bipolar cell contributing to such a "leak current" since they (1) are terminal, since the mixture of TPMPA and bicuculline/ more sensitive than GABA A receptors (i.e., they have a SR95531 completely (and reversibly) blocked feedback higher affinity for GABA), (2) deactivate about eight and strychnine did not reduce the IPSCs, and (2) both times more slowly than GABA A receptors after agonist GABA A and GABA C receptors are activated during reremoval, and (3) show very little desensitization (Amin ciprocal feedback. The slow kinetics of the GABA C and Weiss, 1994). component might be attributable to several, not mutually exclusive, factors. First, the single-channel conducSynaptic Plasticity in the Retina: mGluR1 Boosts tance of GABA C receptors is considerably smaller than the Reciprocal Feedback that of GABA A receptors (Feigenspan et al., 1993) . SecActivation of mGluR1 is functionally coupled to phospholipase C, which generates IP 3 that in turn elevates ond, the slow activation kinetics of the GABA C recep-[Cagassed continuously with 95% O 2 and 5% CO 2 . In experiments reevoked conductances to have decayed. Spontaneous postsynaptic inhibitory currents were recorded with 100 kHz sampling rate and quiring different (48 mM) HEPES concentrations, the amounts of NaCl and NaOH were adjusted to maintain osmolarity (260 mOsm).
analyzed offline with "Mini Analysis Program" (Synaptosoft, Inc. Decatur, GA). Automatically detected events (n = 69800 total) were Slice preparation and recordings were performed at room temperature (21°C-23°C) in daylight conditions. Slices were viewed with then inspected visually to discard apparent noise from the analysis. Histograms are made by the program, evaluating data recorded for broad-spectrum white-light DIC optics through a 40× water-immersion objective coupled to a 2× premagnification (Optovart; Zeiss) or at least 2 min in each drug condition for every cell (n = 8). 1.6× zoom tube (Axioskop; Zeiss) and a CCD camera (Hamamatsu, Tokyo, Japan). Bipolar cell terminals were identified by their size, shape, and position in the slice, as well as depolarization-evoked
